neurosurgical focus
L umbar degenerative disorders are highly prevalent in the United States. 6, 8, 13, 23, 24 Although, a select group of patients benefit from non-operative management, a considerable number of patients require surgical treatment to restore functional capacity. 29 The rates of lumbar surgery for spinal pathology have increased by at least 220% over the past 2 decades. 8 Several prospective and randomized controlled trials have shown the efficacy of surgical treatment in degenerative lumbar disease.
31,35
However, other studies have shown that up to 25% of patients experience minimal improvement in quality of life and a significant number of patients develop major complications or hospital readmissions following lumbar spine surgery. 17, 19, 32 Complications appear to occur at a fairly consistent frequency in large aggregate data sets. 3, 4, 17, 30, 32 Previous studies have reported complication rates between 10% and 20%. 26 Current health care systems and physician reimbursements are rapidly transitioning from the "fee-for-service" to the "pay-for-performance" model, resulting in a paradigm shift toward rewarding providers for quality rather than volume. The Institute of Medicine has emphasized that safety, patient-centered outcomes (quality), and cost of care are the key components of value-based health care.
22
Prospective registries have emerged as a feasible avenue to capture the real-world effectiveness via patient-reported outcomes (PROs) incorporating patients' general health status, quality of life, disease specific health, societal productivity, and satisfaction with care. Complications within 90 days following surgery has been used by administrative databases for over a decade to track quality of care due to ease of acquiring the information. Numerous studies have reported the incidence of perioperative complications and the factors associated with occurrence of complications following elective lumbar spine surgery for degenerative spine pathology. 1, 2, 4, 10, 14, 16, 30, 33 However, there is a paucity of data reporting on the impact of complications within 90 days on long-term PROs. 3, 18 Therefore, understanding how complications affect PROs 12 months following degenerative lumbar surgery is vital. In the present analysis, we hypothesized that major complication within 90 days after surgery would adversely affect long-term PROs in comparison with PROs in a cohort of patients who did not experience a major complication.
methods
Patients undergoing elective lumbar surgery for degenerative spine pathology at a single comprehensive spine center (Vanderbilt University Medical Center) over a period of 4 years were enrolled into a prospective, Web-based longitudinal registry. The inclusion criteria for the study were 1) patient age > 18 years, 2) presentation with back and leg pain, 3) correlative imaging findings for the diagnoses of stenosis, disc herniation, and spondylolisthesis, 4) number of levels operated on ≤ 4, and 5) failure of 3 months of multimodal non-operative care. The exclusion criteria were 1) any pathological spinal disease (including spine tumor and trauma), 2) an active medical or workman's compensation lawsuit, 3) any extraspinal cause of back or leg pain, 4) being unwilling or unable to participate in the follow-up questionnaires, and 5) lack of availability of complete preoperative variables and follow-up data. All the surgeons participating in this study practiced similar postoperative treatment paradigms. In all cases, the surgeon encouraged discharge from the hospital beginning 48 hours after surgery, weaning from narcotics beginning 2-3 weeks after surgery, and return to work as soon as the patient felt capable.
outcome measures
Patient-reported outcomes for disability, pain, quality of life, and satisfaction were recorded at baseline and at 3 months and 1 year after surgery. The outcomes were assessed via phone interview conducted by an independent data coordinator not involved with clinical care. PRO instruments included 1) the Oswestry Disability Index (ODI) 11 for back-related disability, 2) the EQ-5D
9 for quality of life, 3) the SF-12 Physical Component Summary (PCS) and Mental Component Summary (MCS) 34 for general health, 4) numeric rating scales (NRSs) for back pain (BP) and leg pain (LP), 21 and 5) the North American Spine Society (NASS) satisfaction questionnaire.
7
Clinically significant improvement in disability and pain were defined using the concept of minimum clinically important difference (MCID). The MCID represents a critical threshold, compared with the baseline, which is considered a clinically meaningful improvement to the patient. The MCID compares the change in score for a PRO following the intervention to another externally validated measure of outcomes such as perceived improvement or satisfaction following the procedure in question. 5, 27 Previously published MCID values for the ODI (14.9), NRS-BP (2.1) and NRS-LP (2.8) scores, and the EQ-5D (0.46) were used to dichotomize the patient group based on whether or not MCID was achieved MCID.
27,28
Complications were divided into major (surgical-site infection that required incision and drainage of wound, CSF leaks, hardware failure or wound, new neurological deficit, pulmonary embolism, hematoma, MI, and readmission within 90 days) and minor (superficial surgicalsite infection that was treated with local wound inspection and oral antibiotics, urinary tract infection, pneumonia, and deep venous thrombosis).
statistical Analysis
The mean and standard deviation were computed for continuous variables, and frequency was computed for categorical variables. Assuming a mean 12-month ODI of 29 points in patients with complications and 25 points in those without complications and a standard deviation of 17 points, a sample size of 108 would yield 80% power to detect a significant difference in 12-month ODI outcomes between the 2 groups. Univariate analyses were conducted to determine the association of clinical variables with the presence or absence of complications. The Student ttest and Mann-Whitney U-test were used for continuous data. Nominal data were compared via chi-square test. Multivariable linear regression analyses were conducted, controlling for the array of preoperative patient-specific and surgery-specific variables (see Table 4 for list) with 12-month ODI as the outcome variable. A p value < 0.05 was considered statistically significant. Analyses were performed using SPSS version 20 (IBM Corp.). In the tables, means are presented ± SD.
results patient demographics
A total of 906 consecutive patients (443 male and 463 female) were included in the study. Their mean age was 59 ± 14 years. Twenty-three percent (n = 207) had diabetes at the time of surgery. Mean body mass index (BMI) of the cohort was 30.9 ± 7 kg/m 2 . Fifty-four percent of the patients (n = 490) had duration of symptoms more than 12 months. The mean baseline scores were as follows: ODI, 48.2 ± 15.5 points; back pain, 6.5 ± 2.7 points; leg pain, 6.5 ± 2.9 points; EQ-5D, 0.55 ± 0.22 QALY (quality-adjusted life year); SF-12 PCS score, 26.5 ± 9.2; and SF-12 MCS score, 48.6 ± 12.1 (Table 1) . Fifteen percent of patients (n = 139) underwent microdiscectomy, 28% (n = 255) underwent laminectomy alone, and 57% (n = 512) underwent laminectomy and fusion. Thirteen percent (n = 118) of patients developed complications: 12% (n = 108) had major complications and 8% (n = 68) had minor complications within 90 days after surgery. Of the total of 118 complications, surgical-site infection (n = 21, 18%) was the most common major complication followed by new neurological deficit (n = 12, 10%), whereas urinary tract infection (n = 61, 52%) was the most common minor complication. Figure 1 summarizes the frequency of each major and minor complication. Table 1 summarizes the patient-specific and surgeryspecific characteristics of patients with and without major complications. The patients with major complications, compared with those with no complication, had higher rates of comorbidities, including diabetes (31% vs 22%, p = 0.04) and hypertension (63% vs 57%, p = 0.03). Patients with a major complication were more likely to have Medicaid/uninsured payer status (14% vs 10%) or Medicare (40% vs 29%) compared with those without complications (p = 0.012). The rate of complications was higher in patients undergoing decompression with fusion (65%) compared with decompression only (23%) and microdiscectomy (11%) (p = 0.06). Patients with a major complication were more likely to be discharged to inpatient rehabilitation (15% vs 11%) and skilled nursing facilities (7% vs 2%) (p = 0.003) compared with patients without major complications.
characteristics of patients who developed major complications

outcomes
The patients with complications had significantly lower improvement in ODI scores (13.5 ± 21.2 vs 21.7 ± 19, p < 0.0001), EQ-5D scores (0.17 ± 0.25 vs 0.23 ± 0.23, p = 0.04), SF-12 PCS scores (8.6 ± 13.3 vs 13.0 ± 11.9, p = 0.001). The patients with major complications had a significantly lower rate of satisfaction (76% vs 90%, p = 0.002) than those without major complications 3 months after surgery. There was no significant difference in the proportion of preoperatively employed patients who had returned to work at 3 months after surgery among the patients with and without major complications (85% vs. 82%, respectively; p = 0.10). Table 2 summarizes the impact of complications on 3-month PRO scores.
A significant improvement in pain, disability, and quality of life was noted in all patients 12 months after surgery (p < 0.0001). Patients with major complications had significantly higher ODI scores at 12 months after surgery than patients without major complications (29.1 ± 17.7 vs 25.3 ± 18.3, p = 0.02) (Table 3 ). However, there was no differ- In a multivariable linear regression analysis, after controlling for an array of preoperative variables, including baseline ODI scores, back pain and leg pain scores, fusion, revision surgery, smoking, history of diabetes, and preoperative narcotic use, the occurrence of a major complication was not associated with higher 12-month ODI scores (Table 4 ). There was no difference in the percentage of patients achieving MCID for disability (66% vs 64%, p = 0.33), back pain (55% vs 56%, p = 0.47), leg pain (62% vs 59%, p = 0.35), and quality of life (19% vs14%, p = 0.17) and patient satisfaction rates (82% vs 80%, p = 0.12) between those without and with major complications.
discussion
Patients undergoing lumbar surgery are at increased risk of perioperative complications, which might have an impact on long-term outcomes. In this analysis, utilizing a prospective longitudinal registry, we demonstrated that perioperative complications have an impact on short-term (3-month) outcomes following lumbar spine surgery; however, after controlling for potential confounders, the occurrence of major complications following lumbar spine surgery was not associated with more severe disability 12 months after surgery. Furthermore, patients who experienced major complications within the first 90 days after lumbar surgery achieved clinically meaningful benefit in disability, pain, and quality-of-life outcomes and satisfaction at 12 months as much as those without major complications.
Previous studies have reported the effect of perioperative complications on long-term PROs after lumbar fusion surgery 20 or for specific patient characteristics (obesity, diabetes mellitus, advanced age).
3, 16 Lambat et al. 20 retrospectively analyzed the impact of perioperative complications on 2-year postoperative outcomes. Analogous to our findings, the authors reported that the disability scores were significantly higher in those with major complications compared with the patients with no complications. In our analysis, after controlling for several preoperative variables, the occurrence of major complications was not associated with 12-month outcome following lumbar surgery. Similarly, Juricek et al., 18 in a retrospective study of 208 patients who underwent fusion procedures for degenerative pathology, reported a complication rate of 13.4% with a duration of follow-up ranging from 6 months to 2 years. The authors reported no influence of perioperative complications on quality of life or on pain intensity after lumbar fusion surgery. As opposed to the previously reported studies, our analysis was based on a prospectively collected registry data and included patients who had undergone surgeries with different levels of invasiveness: microdiscectomy, laminectomy alone, and laminectomy with fusion, thereby providing more comprehensive data on the impact of complications on PROs for treatment of degenerative lumbar spine diseases. Among the major complications, surgical-site infection and new neurological deficits were the most frequently observed complications within 90 days following surgery. There was no significant difference in the PROs 12 months following surgery among the patients who developed any of the major complications. The rate of postoperative complications following lumbar spine surgery reported in the literature varies widely, from approximately as low as 3% to as high as 50%. 4, 14, 26, 36 The incidence of major complications in our study was 12%. This wide range is due to the discrepancy in classifying the complications into major or minor complications, timing of complications (30 days vs 90 days vs 1 year) and retrospective versus prospective study design. 1, 3, 12, 15, 25, 26, 36 A standardized definition of a major complication will allow for comparison across the reported studies. None of the previous studies have reported the effect of complications on patient satisfaction. From the societal and patients' perspective the occurrence of complications has personal and economic consequences, resulting in undue stress and frustration for family and patients, portending a lower quality of life and overall increased cost associated with surgery. Therefore, one would assume that the occurrence of complications might affect overall long-term patient satisfaction. However, we found that even though the occurrence of major complications had a significant impact on short-term satisfaction there was no significant difference in 12-month satisfaction rates between those with complications and those without.
All stakeholders, including providers, third-party payers, and CMS (Centers for Medicare & Medicaid Services), have placed an emphasis on reducing complications and associated readmissions to improve the quality of spine care. Physicians are being penalized for readmission and certain complications, which directly affects physician reimbursement. In this analysis, we used several pragmatic metrics including validated PROs, clinically meaningful thresholds, and patient satisfaction to comprehensively determine the impact of complications on overall outcomes. Based on our analysis and other reported studies, complications do not seem to have a significant impact on longterm outcomes following lumbar spine surgery. This study is not without limitations. The study was powered to detect the difference in the 12-month outcomes in patients with and without major complications. The number of patients with each complication was small making it difficult to analyze the effect of each complication on outcomes. We, however, found that there was no significant impact of the most frequent major complications on outcomes. The association of complications and outcomes is complex and multifactorial, it is important to account for the factors that might confound the effect of complications on outcomes. We report a well-designed study, utilizing comprehensive and granular variables captured in our prospective longitudinal registry, for risk-adjusted analysis for impact of complications on the PROs. The potential confounding variables included in our analysis are not exhaustive and adding more variables and longer follow-up might change the impact of complications on outcomes. Furthermore, this is a single institution study and its results cannot be generalized and extrapolated to the entire population. Perhaps in other institutions complications would not be managed as well and may impact long-term outcomes. The applicability of these data for patient counseling needs to take this limitation into account. Therefore, the further analysis using multicenter longitudinal registries such as the National Neurosurgery Quality Outcomes Database (N 2 QOD) is imperative.
conclusions
Major complications occurring within 90 days following lumbar spine surgery have a significant impact on shortterm PROs. Patients with major complications, however, achieve clinically meaningful long-term outcomes and patient satisfaction, as much as those without major complications. This information allows a physician to counsel patients on the fact that a complication creates frustration, cost, and inconvenience; however, it does not appear to adversely affect clinically meaningful long-term outcomes and satisfaction.
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